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Figure 4. Reduced replication of
TRADs in normal human cells by
insertion of the miRNA
complementary sequences. A, the
viral genome copy numbers of
TRADs in normal cells. The cells
were infected with the TRADs at
an MOI of 10 for 2 hours. Five days
after infection, the viral genome
copy numbers were determined
by real-time PCR. B, time-course
study of the normal human cell
viabilities after infection with
TRADs by Alamar blue assay. The
cells were infected with the TRADs
at an MOI of 10 for 2 hours. At the
indicated time points, the viability
of the cells was analyzed by
Alamar blue assay. The data were
normalized by the data of the
mock-infected group. C,
restoration of TRAD replication in
human normal cells by 2'-0-
methylated antisense
oligonuclectides. The cells were
transfected with 50 nmol/L of 2'-
O-methylated antisense
oligonucleotides for miR-143 or
-199a. Twenty-four hours after
transfection, the cells were
infected with the TRADs at an MOI
of 10, and the viral genome copy
numbers were determined 5 days
after infection with the TRADs. D,
the E1A mRNA levels in normal
human cells. The cells were
infected with the TRADs at an MOI
of 10 for 1.5 hours. Twenty-four
hours after infection, the E1 mRNA
levels were determined by real-
time RT-PCR. The data was
normalized by the data of the
conventional TRAD group. All the
data are shown as the means +
SD (n = 3-4). *, P < 0.05;

**, P < 0.005.
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Figure 4. (Continued)

E1A expression by TRAD-miRT in normal cells

To determine whether incorporation of the miRNA
complementary sequences into the EI gene expression
cassette decreases the E1 mRNA levels in normal human
cells, real-time RT-PCR analysis for the EIA mRNA levels
wascarried out. The E1A mRNA levels were reduced by
more than 30% for TRAD-143T, -145T, and -199aT,
compared with the parent TRAD, in NHLF (Fig. 4D).
The reduction in the E1A mRNA levels corresponded to
the suppression in replication of TRAD-miRT, indicating
that miRNA-mediated reduction in the EI gene expres-
sion resulted in a reduced replication of TRAD-miRT.

Development of TRADs containing the
complementary sequences for liver-specific miRNA
To prevent the replication of TRADs in liver hepatocytes
as well as other normal cells, we incorporated not only
miR-199a complementary sequences but also sequences
complementary to liver-specific miR-122a into the E1 gene
expression cassette, resulting in TRAD-122a/199aT
(Fig. 5A). It is well known that Ads have high hepatic
tropism, leading to efficient liver accumulation even after
local administration. MiR-122a was expressed approxi-
mately 100- and 20-fold more abundantly in NHep and
Hubh-7 cells, respectively, than in the other normal human
cells and tumor cells (Fig. 5B); conversely, the other normal
cells expressed more than 10-fold lower levels of miR-122a
than miR-143, -145, and -199a (data not shown). Incor-
poration of miR-122a complementary sequences alone
significantly reduced the virus genome copy number of
TRAD-122aT in NHLF and NHep; however, no statistically
significant decrease in the genome copy number of TRAD-
122aT was found in PrSC (Fig. 5C). On the other hand,
insertion of miR-199a target sequences alone was less
efficient than insertion of miR-122a target sequences in
NHep, probably due to the lower expression of miR-199a

than miR-122a in NHep. By contrast, insertion of both
miR-122a and miR-199a target sequences into the EI
gene expression cassette efficiently reduced the replica-
tion of TRAD-122a/199aT by 10- to 50-fold in all normal
cells examined. Significantly reduced replication of
TRAD-122a and TRAD-122a/199aT was also found in
Huh-7 cells, which are a hepatoma cell line highly
expressing miR-122a and are often used as a model of
hepatocytes (Supplementary Fig. S2). The incorporation
of the miR-145 complementary sequences was also effec-
tive for suppressing the TRAD replication in NHep
(Supplementary Fig. S3). The E1A mRNA levels were
reduced for TRAD-122aT and -122a/199aT in NHep
(Fig. 5D). In addition, TRAD-122a/199aT efficiently
replicated in the tumor cells, resulting in efficient tumor
cell lysis (Fig. 5E and F). These results indicate that
replication of the TRADs in various types of normal
human cells, including liver hepatocytes, is significantly
reduced by insertion of the multiple target sequences to
both miR-122a and -199a, without influencing the
tumor cell lysis activity.

Discussion

The aim of this study was to prevent the replication of
TRADs in normal human cells by incorporation of
sequences complementary to miRNAs that are selectively
downregulated in tumor cells, without altering the tumor
cell lysis activity. Currently, there is no appropriate animal
model which fully supports the in vivo replication of Ads
and evaluation of the in vivo toxicity caused by oncolytic
Ads, and thus it is important to be cautious in regard to
oncolytic Ad-induced toxicity. To prevent the EI gene
expression and replication of oncolytic Ads in normal cells
as much as possible, an miRNA-mediated posttranscrip-
tional detargeting system was included in TRADs, in
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Figure 5. Tumor cell lysis activity and enhanced safety profile of TRAD-122a/198aT. A, a schematic diagram of TRAD-122a/199aT. B, miR-122a
expression levels in the normal and tumor cells. C, the viral genome copy numbers of TRAD-122a/199aT in normal human cells. D, the E1A mRNA
levels in NHep. E, crystal violet analysis for the cytopathic effects of TRAD-122a/199aT. The results are representative of 2 independent experiments. F, the
viral genome copy numbers of TRAD-122a/199aT in tumor cells. The tumor and normal cells were infected with the TRADs at an MOI of 2 (tumor cells)
or 10 (normal cells) for 2 hours. The cells were stained with crystal violet 3 days after infection. The viral genome copy numbers were determined 3 (tumor cells)
or 5 days (normal cells) after infection. For determination of the E1A mBNA levels, total RNA was isolated from NHep 24 hour after infection with the
TRADs at an MOI of 10, and the E1A mRNA levels were determined by real-time RT-PCR. The data was normalized by the data of the conventional TRAD
group. All the data are shown as the means + SD (n = 3-6). N.S.: not significantly different. *, P < 0.05; **, P < 0.005.

addition to the transcriptional targeting system via tumor- the whole body, including the hepatocytes, after dissemi-
specific promoters. nation from the injected tumors. It is crucial that such

As described above, TRAD replicates in the injected unexpected infection of normal cells by TRAD is prevented.
tumors and is disseminated from the injected tumors into Previous studies have shown that insertion of sequences
the systemic circulation, leading to infection of distant, complementary to liver-specific miR-122a reduced the
uninjected tumors (11, 13, 14). This property of TRAD had replication of oncolytic Ads in Huh-7 cells, which are a
led to a concern that TRAD could infect normal cells over model cell for hepatocytes (31-33). It is especially crucial
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to prevent the replication of TRAD in the liver, because Ad
vectors have strong hepatotropism. However, TRAD also
might infect normal cells other than hepatocytes, indicat-
ing that replication of oncolytic Ads in normal cells other
than hepatocytes should also be suppressed. To prevent the
replication of TRADs in other normal cells, we incorpo-
rated the sequences complementary to miR-143, -145,
-199a, or let-7a, which are downregulated in the tumors
and widely expressed in normal cells. The expression levels
of these miRNAs in the tumor cells were lower than those in
the normal cells in this study, and insertion of sequences
complementary to miR-143, -145, or -199a significantly
reduced the E1A mRNA levels and the replication of TRADs
in the normal cells.

Overall, among the miRNA complementary sequences,
the miR-199a complementary sequences appeared to be the
most efficient at suppressing the replication of TRADs across
all the normal cells except for hepatocytes; however, inser-
tion of miR-199a target sequences alone failed to signifi-
cantly reduce the replication of TRADs in the hepatocytes.
To simultaneously prevent the replication of TRADs in
various types of normal cells, including hepatocytes, we
incorporated sequences complementary to miR-122a,
which is abundantly expressed in hepatocytes, in addition
to miR-199a target sequences. Brown and colleagues
reported that a desired transgene expression pattern was
achieved, depending on the miRNA expression profile, by
incorporation of target sequences for 2 distinct miRNAs
(34). TRAD-122aT/199aT exhibited more than 10-fold
reduction in the replication in all the normal cells except
for SAEC, although insertion of target sequences for miR-
122a or miR-199a alone failed to suppress the replication of
TRADs in either of the normal cells. Furthermore, TRAD-
122aT/199aT and the parental TRAD mediated similar
cytopathic efficacies in the tumor cells. These results indi-
cate that replication of TRADs in not only hepatocytes but
also other normal cells is simultaneously reduced by inser-
tion of both miR-122a complementary sequences and
sequences complementary to miRNAs highly expressed in
normal cells, without altering the tumor cell lysis activity.

TRADs containing miR-122a complementary sequences
are also considered to be promising for the treatment of
liver cancer because miR-122a is significantly downregu-
lated in liver cancer cells (35-37) leading to efficient
replication and lytic activity of TRADs containing miR-
122a complementary sequences in liver cancer cells. This
study has shown that TRAD-122aT/199aT caused efficient
cell lysis in a hepatocellular carcinoma cell line, HepG2
cells, while the replication of TRADs containing the miR-
122a complementary sequences in normal hepatocytes,
which highly express miR-122a, was significantly inhibited.

The expression levels of miRNAs are a crucial factor to
suppress the gene expression by miRNAs. Brown and
colleagues showed that miRNAs should be expressed at a
concentration above the threshold (>100 copies/pg small
RNA) to induce miRNA-regulated suppression of transgene
expression (34). We were not able to precisely show the
expression levels of miRNAs as the ratio of copies/pg small

RNA in this study; however, comparing the miRNA levels in
this study with those reported by Brown and colleagues
(34), we consider that the expression levels of miR-143,
-145, and -199a in the normal cells were higher than 100
copies/pg small RNA, leading to efficient suppression of the
replication of TRADs.

Several studies have shown that let-7, including let-7a, is
significantly downregulated in tumor cells (16, 19, 20).
Edge and colleagues reported that insertion of let-7a com-
plementary sequences into the matrix protein expression
cassette of the vesicular somatitis virus (VSV) suppressed
the replication of VSV in human primary fibroblast MG38
cells; on the other hand, VSV carrying let-7a target
sequences efficiently replicated in A549 cells (38). How-
ever, our data showed that cancer cell lines other than
HepG2 cells expressed similar or higher levels of let-7a than
the normal cells. In addition, the expression levels of let-7a
were more than 10-fold higher than those of the other
miRNAs in the tumor cells. Abundant let-7a expression
leads to a reduction in the replication of TRAD-let7aT in
tumor cells. Furthermore, the members of the let-7 family,
including let-7b and let-7¢c, have the same seed sequence,
suggesting that let-7 family members other than let-7a
would also contribute to the significant suppression of
replication of TRAD-let7aT. These results suggest that not
only expression profiles of miRNAs but also absolute
amounts of miRNA expression in the cells are of great
importance for miRNA-regulated gene expression.

Our data showed that the E1A mRNA levels were reduced
by approximately 30% to 50% for TRAD-143T, -145T, and
-199aT, compared with the conventional TRAD 24 hour
after infection with the normal cells. These reduction levels
in the EIA mRNA were much smaller than those in the Ad
genome copy numbers at 5 days after infection; however,
these reductions in the E1IA mRNA levels would lead to
large differences in the Ad genome copy numbers after
several virus replication cycles. More than 5-fold reductions
in the E1A mRNA were found for TRAD-143T, -145T, and
-199aT, compared with the parental TRAD, 5 days after
infection with the normal cells (data not shown).

A phase I clinical trial of the parental TRAD was con-
ducted, and serious adverse events were not observed (3).
In this study, efficient replication of the conventional
TRAD in WI38 cells was found at an MOI of 10; however,
the conventional TRAD did not exhibit a high level of
replication at an MOI of 2. It might be unlikely that such a
high titer (MOI 10) of oncolytic Ad would infect organs
distal from the injection points in clinical trials; however,
normal cells around the injection points might be infected
with a high titer of oncolytic Ad. In addition, even though
no apparent replication of TRADs is observed in normal
cells after infection of TRADs, the expression of Ad pro-
teins, including E1A and E4 proteins, affects the cellular
functions via various mechanisms (39-41). This study
indicates that inclusion of an miRNA-regulated E1 gene
expression system in oncolytic Ads enhances the safety of
oncolytic Ads and makes it possible to increase the injec-
tion doses, leading to superior therapeutic effects.

Clin Cancer Res; 17(9) May 1, 2011

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on January 25, 2012
Copyright © 2011 American Association for Cancer Research

72



Published OnlineFirst February 23, 2011; DOI:10.1158/1078-0432.CCR-10-2008

miRNA-Regulated Replication of Oncolytic Adenovirus

In summary, we developed TRADs in which the E1 gene
expression is controlled by miRNAs more highly expressed in
normal cells than tumor cells. The TRADs containing the
sequences complementary to miR-143, -145, or-199a exhib-
ited reduced replication in the normal cells without altering
the tumor cell lysis activity. Furthermore, incorporation of
both miR-199a and miR-122a target sequences significantly
suppressed the replication in all human primary cells exam-
ined, including hepatocytes. TRAD-miRT has enhanced both
the safety profiles and comparable tumor cell lysis activity to
the parental TRAD, suggesting that TRAD-miRT offers great
potential for the treatment of tumors.
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Tumor-selective adenoviral-mediated GFP
genetic labeling of human cancer in the live
mouse reports future recurrence after resection
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We have previously developed a telomerase-specific replicating adenovirus expressing GFP (OBP-401), which can
selectively label tumors in vivo with GFP. Intraperitoneal (i.p.) injection of OBP-401 specifically labeled peritoneal tumors
with GFP, enabling fluorescence visualization of the disseminated disease and real-time fluorescence surgical navigation.
However, technical problems of removing all cancer cells still remain, even with fluorescence-guided surgery. In this
study, we report that in vivo OBP-401 labeling of tumors with GFP before fluorescence-guided surgery reports cancer
recurrence after surgery. Recurrent tumor nodules brightly expressed GFP, indicating that initial OBP-401-GFP labeling
of peritoneal disease was genetically stable such that proliferating residual cancer cells still express GFP. In situ tumor
labeling with a genetic reporter has important advantages over antibody and other non-genetic labeling of tumors,
since residual disease remains labeled during recurrence and can be further resected under fluorescence guidance.

Introduction

Green fluorescent protein (GFP) serves as a very bright genetic
reporter to detect metastatic cancer in mouse models."* Initially,
cancer cells were transduced in vitro with GFP using various types
of genetic vectors and then implanted in mouse models. Potential
clinical application of GFP became possible when it was demon-
strated that retroviruses containing GFP could label disseminated
cancer in situ in mouse models.* Subsequently, selective in vivo
GFP labeling of tumors was performed with OBP-401, a repli-
cating adenovirus™® that contains a replication cassette with the
human telomerase reverse transcriptase ("\TERT) promoter driv-
ing the expression of the viral £1 genes, and the inserted GFP
gene. Virus replication and hence GFP gene expression occur
only in the presence of an active telomerase, i.e., in malignant
tissue.® The OBP-401 virus was first tested by injection directly
into HT-29 human colon tumors, orthotopically implanted into
the rectum in BALB/c nu/nu mice. Subsequent para-aortic lymph
node metastasis was observed by laparotomy under fluorescence.®
We then developed a major enhancement of cancer surgical navi-
gation in orthotopic mouse models of cancer, using in vivo selec-
tive fluorescent tumor labeling with OBP-401 GFP. Bright GFP
fluorescence clearly illuminated the tumor boundaries and facili-
tated detection of the smallest disseminated disease lesions.’
Fluorescence-guided surgical navigation with tumors labeled
in vivo with OAP-401 GFP was demonstrated in nude mouse
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models that represent difficult surgical challenges for the resec-
tion of widely disseminated cancer. HCT-116, a model of intra-
peritoneal disseminated human colon cancer, was labeled by
virus injection into the peritoneal cavity. A549, a model of pleural
dissemination of human lung cancer, was labeled by OBP-401
virus administered into the pleural cavity. Only the malignant
tissue fluoresced brightly in both models. Further, we showed
that OBP-401 could visualize liver metastases by tumor-specific
expression of the GFP gene after portal venous or i.v. administra-
tion. Selective metastatic tumor labeling with GFP and killing by
systemic administration of telomerase-dependent adenoviruses
suggesting that liver metastasis is also a candidate for fluores-
cence-guided surgery.®

However, even fluorescence-guided surgery may still result in
residual disease. The present report demonstrates proliferating
residual disease remains stably labeled with OBP-401 GFP and
is readily detected for further resection, suggesting that genetic-
reporter labeling of tumors has advantages over non-genetic
labeling of tumors for fluorescence-guided surgery.

Results and Discussion
Labeling peritoneal carcinomatosis with OBP-401-GFP.
Peritoneal carcinomatosis was induced in the abdominal cavity of

nude mice by i.p. implantation of HCT-116-RFP human colorec-
tal cancer cells. Twelve days after implantation, 1 x 10° PFU
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Figure 1. In situ genetic labeling of disseminated peritoneal carcinoma-
tosis. Red fluorescence indicates HCT-116-RFP-expressing disseminated
nodules (left). Peritoneal disseminated HCT116-RFP cells were labeled
by GFP after i.p. injection of OBP-401 (right). Fluorescence imaging
revealed co-localization of red and green fluorescence.

OBP-401 were injected intraperitoneally. Disseminated HCT-
116-RFP nodules expressed GEP fluorescence induced by OBP-
401 as well as the endogenous RFP fluorescence when imaged 5
d later (Fig. 1). RFP fluorescence was essentially coincident with
that of GFP, indicating that i.p. injection of OBP-401 efficiently
labeled disseminated tumors with GFP.

Stability of OBP-401-GFP expression in tumors. In order
to determine stability of GFP expression in OBP-401 labeled
tumors, HCT-116-RFP tumors were collected by peritoneal
lavage from the abdominal cavity of mice 5 d after OBP-401
administration, put into culture in RPMI 1640 medium sup-
plemented with 10% FBS and observed over time. Eight days
after plating (13 d after viral administration), cancer cell colo-
nies expressed both RFP and GFP (Fig. 2). The stability of GFP
expression in OBP-401 labeled tumor cells suggests the poten-
tial of OBP-401 GFP labeling to detect recurrent tumors after
attempted resection.

Fluorescence-guided resection of disseminated peritoneal
tumors labeled with OBP-401 GFP. Five days after OBP-401
administration to mice with i.p. HCT-116, laparotomy was per-
formed with the intent to remove all the intra-abdominal cancer
using fluorescence-guided navigation under ketamine anesthesia
(Fig. 3A and B). OBP-401 labeling and imaging made dissemi-
nated cancer nodules visible by GFP fluorescence, and complete
resection was attempted (Fig. 3C-E). Tumors were efficiently
resected, including those not visible under bright light, as we have
previously reported in references 7 and 8.

In vivo detection of recurrent OBP-402-GFP labeled tumors
after fluorescence-guided surgery. Tumors still recurred after
attempted complete resection with fluorescence-guided surgery
as visualized by GFP expression (Fig. 4). This result demonstrates
that OBP-401 GFP labeling of peritoneal disseminated disease
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enables detection of tumor recurrence after fluorescence-guided
surgery. Thus, OBP-401-GFP labeling is genetically stable and
therefore proliferating residual disease continues to express GFP.

Tsien’s laboratory has developed a method to label and visual-
ize tumors during surgery using activatable cell-penetrating pep-
tides (ACPPs), in which the fluorescently-labeled, polycationic
cell-penetrating peptide (CPP) is coupled via a cleavable linker to
a neutralizing peptide. Upon exposure to proteases expressed by
tumors, the linker is cleaved, dissociating the inhibitory peptide
and allowing the CPP to bind to and enter tumor cells. Animals
whose tumors were resected with ACPPD guidance had better
long-term tumor-free survival and overall survival than animals
whose tumors were resected with traditional brightfield illumina-
tion only’

Another approach to tumor labeling and fluorescence-guided
surgery is with the use of labeled tumor-specific antibodies. A
monoclonal antibody specific for CA19-9 was conjugated to a
green fluorophore and delivered to tumor-bearing mice as a sin-
gle intravenous (IV) dose. Intravital fluorescence imaging was
used to localize metastatic pancreatic cancer in orthotopic mouse
models 24 h after antibody administration. Using fluorescence
imaging, the primary tumor was clearly visible at laparotomy, as
were small metastases in the liver and spleen and on the perito-
neum. The metastatic tumors, which were nearly impossible to
see using standard brightfield imaging, demonstrated clear fluo-
rescence under LED light excitation.'’

We have also previously investigated the use of fluorophore-
labeled. - anti-carcinoembryonic antigen (CEA)
antibody to aid in cancer visualization in nude mouse models
of human colorectal and pancreatic cancer. Anti-CEA was con-

monoclonal

jugated with a green fluorophore. Subcutaneous, orthotopic pri-
mary and metastatic human pancreatic and colorectal tumors
were easily visualized with fluorescence imaging after admin-
istration of conjugated anti-CEA. The fluorescence signal was
detectable 30 min after systemic antibody delivery and remained
present for 2 weeks, with minimal in vivo photobleaching after
exposure to standard operating room lighting. Fluorescent anti-
CEA administration improved ability to resect the labeled tumors
under fluorescence guidance."

Neither the ACPP nor labeled monoclonal antibodies,
described above, involves genetic labeling of cancer cells, and
thus recurrence would therefore not be detectable. In the present
study, we selectively and efficiently labeled tumors with a genetic
reporter, GFP, using a telomerase dependent adenovirus OBP-
401. We demonstrated that tumors recurred after fluorescence-
guided surgery and maintained GFP expression. Therefore,
the detection of recurrence and future metastasis is possible
with OBP-401 GFP labeling, since recurrent cancer cells stably
express GFP, which is not possible with non-genetic labeling of
tumors.

In clinical studies performed with OBP-401, circulating tumor
cells (CTC) obrained from cancer patients were labeled with
OBP-401 GFP ex vivo. OBP-401-GFP labeling greatly increased
the detection of CTC."? Other targets for in vivo GFP labeling
could include, for example, breast cancer emboli.!? Specific label-
ing by GFP of cancer stem cells is also a promising approach.’
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Figure 2. Genetic labeling of microscopic tumors. Cells collected by peritoneal lavage from the abdominal cavity of mice 5 d after OBP-401 treatment
were plated and cultured with RPMI 1640 medium supplemented with 10% FBS. (A) Plating cells in the peritoneal lavage fluid (5 d after viral adminis-
tration). Most RFP-expressing cancer cells expressed GFP fluorescence induced by OBP-401 as well, x200 magnification. White arrows: cells unlabeled
| with GFP. (B) 8 d after plating (i.e., 13 d after viral administration). Cancer cell colonies expressing RFP were observed in the culture dish under fluores-
cence microscopy. The cancer cells also expressed GFP induced by OBP-401. x40 magnification. Boxes highlight colonies indicated by white circles.

Original magnification x100.

Figure 3. Fluorescence-guided resection of tumors labeled with GFP in situ. (A) Peritoneal disseminated nodules were labeled by GFP expression

5 d after OBP-401 virus administration. (B) Laparotomy was performed. (C) Disseminated nodules labeled with GFP were removed under GFP-guided
surgical navigation. (D) Disseminated nodules removed under GFP-guided navigation. Top, bright field observation; bottom, fluorescent detection.

(E) Section of disseminated nodules. Top, H&E section; bottom, frozen section with fluorescence detection.

Labeling of cancer stem cells is especially important, since at least
some stem cells can now be imaged non-invasively.”® The present
report suggests the clinical potential of OBP-401 GFP labeling to
improve the surgical outcome of cancer.

Materials and Methods

Recombinant adenovirus. Telomerase-specific replication-selec-
tive adenovirus OBP-401, containing the GFP gene under the
control of the CMV promoter with the hTERT promoter driving
the F14 and E1B genes, was constructed and produced as previ-
ously described in references 5 and 6.

www.landesbioscience.com
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Cell culture. The human colorectal cancer cell line HCT-116
was cultured in RPMI 1640 medium supplemented with 10%
FBS.

Production of red fluorescent protein (RFP) retroviral vector.
For RFP retrovirus production, the HindII1/Notl fragment from
pDsRed2 (Clontech), containing the full-length RFP cDNA, was
inserted into the HindlIll/Notl site of pLNCX2 (Clontech) con-
taining the neomycin-resistance gene. PT67, an NIH3T3-derived
packaging cell line (Clontech) expressing the viral envelope,
was cultured in DMEM supplemented with 10% FBS. For vec-
tor production, PT67 packaging cells, at 70% confluence, were
incubated with a precipitated mixture of Lipofect AMINE reagent
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| Figure 4. In vivo detection of recurrent tumors after fluorescence-guided surgery. (A) Brightfield observation several weeks after fluorescence-guided
| surgery of OBP-401 GFP-labeled tumors. Disseminated disease re-emerged. (B) Fluorescence observation of field observed by brightfield in (A).

(C) Merge of (A and B). The red box outlines a region of (D) below. (D) Detail of the boxed region of (C). Black line indicates the direction of cross-sec-
| tions. (E) Histologic sections stained with H&E showing that GFP-labeled lesions are recurrent tumor tissues (arrow heads). x40 magnification.

(F) Detail of the boxed region of (E). x200 magnification.

(Life Technologies) and saturating amounts of pPLNCX2-DsRed2
plasmid for 18 h. Fresh medium was replenished at this time. The
cells were examined by fluorescence microscopy 48 h post-trans-
duction. For selection of a clone producing high amounts of RFP
retroviral vector (PTG67-DsRed2), the cells were cultured in the
presence of 200 to 1,000 pg/ml G418 (Life Technologies) for 7
d. The isolated packaging cell clone was termed PT67-DSRed2.'¢

RFP gene transduction of cancer cells. For RFP gene trans-
duction, cancer cells were incubated with a 1:1 precipitated mix-
ture of retroviral supernatants of PT67 cells and RPMI 1640
containing 10% FBS for 72 h. Fresh medium was replenished at
this time. Tumor cells were harvested with trypsin/EDTA 72 h
post-transduction and subcultured at a ratio of 1:15 into selective
medium, which contained 200 pg/ml G418. To select brightly
fluorescent cells, the level of G418 was increased up to 800 pg/ml
in a stepwise manner. RFP-expressing cancer cells were isolated
with cloning cylinders using trypsin/EDTA and were ampli-
fied by conventional culture methods in the absence of selective
agent.'¢

Mice. Athymic nude mice were kept in a barrier facility
under HEPA filtration and fed with autoclaved laboratory rodent
diet. All animal studies were conducted in accordance with the
principals and procedures outlined in the National Institute of
Healch Guide for the Care and Use of Laboratory Animals under
Assurance Number A3873-1. All animal procedures were per-
formed under anesthesia using s.c. administration of a ketamine
mixture (10 il ketamine HCL, 7.6 pl xylazine, 2.4 ] aceproma-
zine maleate and 10 .l PBS).
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In vivo fluorescence imaging, An Olympus OV100 Small
Animal Imaging System (Olympus Corp., Tokyo, Japan) with
macro and micro optics was used.” High-resolution images
directly captured on a PC were processed and analyzed with the
use of Adobe Photoshop Elements 4.0 software (Adobe).

Peritoneal carcinomatosis model with HCT-116 human
colon cancer cells implanted in nude mice. Nude mice were
intraperitoneally (i.p.) injected either with HCT-116 or HCT-116-
RFP human colon cancer cells at a density of 3 x 10° in 200 pl
PBS. Twelve days after tumor cell inoculation, mice were injected
i.p. with OBP-401 at a dose of 1 x 10* PFU in 200 pI PBS. Five
days after virus injection, the abdominal cavity was examined
by fluorescence imaging, and mice were operated on with fluo-
rescence guidance with the intent to resect all intra-abdominal
tumor nodules under ketamine-induced anesthesia.

Collection of microscopic tumors from peritoneal lavage
fluid of OBP-401 treated mice. Twelve days after nude mice
were i.p. injected with HCT-116-RFP, 1 x 10® PFU OBP-401
were injected intraperitoneally. Five days after virus injection,
mice were instilled with 8 ml PBS intraperitoneally. The abdo-
men was gently massaged and the peritoneal fluid was carefully
aspirated using a 22-gauge needle. Approximately 6 ml peritoneal
lavage fluid (PLF) were obtained from most mice. After filtering
the PLF with a 40 um cell strainer (BD, Franklin Lakes, NJ) in
order to collect only microscopic tumors and/or cancer cells in the
abdominal cavity, 3 ml of PLF were cultured on 6-well tissue cul-
ture plates. After incubation for 1 h, supernatants were carefully
aspirated and 3 ml RPMI 1640 medium, containing 10% FBS,
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